Background: Maqui berry (Aristotelia chilensis) has been reported to have anti-glycation, anti-inflammation, lipogenesis-inhibiting activities highly related to its anti-oxidation function, but practical efficacy studies on immunological mechanisms for atopic dermatitis, have not been reported yet.
Introduction
Atopic dermatitis is a chronic disease with recurrent skin eczema. Its related symptoms include pruritus, erythematous papules, and dryness. The cause of atopic dermatitis can be divided into environmental cause and genetic cause. 1 The obvious etiology associated with atopic dermatitis is currently unknown. However, it is known that atopic dermatitis is a skin disease immunologically sensitive to external antigens. 2 Atopic dermatitis is mainly observed in infancy and childhood. However, it can continue or develop in adults. Its prevalence is increasing recently, especially in industrially advanced countries. 3 A recent report has shown that the cause of abnormalities of skin surface barrier is a pathogenesis of atopic skin inflammation, with study on its immunological mechanism involving stratum corneum component currently in progress. 4 The moisture content of the skin is about 15% for normal people. When water content is lower than 10%, reduced ceramide concentration in the stratum corneum can cause xeroderma and pruritus. These symptoms can also cause secondary skin disease, leading to cell-mediated inflammation in response to allergen and pathogen infiltration. 5 In atopic dermatitis, immune related factors interact with each other. They are involved in skin inflammation. Typical relevant factors including T lymphocyte, immunoglobulin E (IgE), and cytokines expressed by helper T cell type 1 (Th1 cell) and helper T cell type 2 (Th2 cell). 6 Helper T cells are classified into Th1 and Th2 cells according to the classification of released cytokines. Th1 cells express cytokines such as tumor necrosis factor (TNF), interleukin (IL)-2, and interferon-gamma (IFN-γ) that can activate macrophages to induce subacute dermatitis.7 Th2 cells induce hypersensitivity by expressing cytokines such as IL-4, IL-5, IL-6, IL-10. They cause differentiation of eosinophils and mast cells. In addition, they can increase the production of IgE. 8 In general, a balanced immune response is maintained by intercellular interactions. However, inflammatory responses of atopic dermatitis are induced and promoted by increased Th2 cell cytokines. 9 In short, changes in IgE levels in atopic dermatitis and expression levels of cytokines such as IL-4 might be important for developing treatment and mitigation strategies for this disease. 9 Immunosuppressants, topical steroids, and anti-histamines are usually used for atopic dermatitis. However, it has been reported that those drugs can cause various side effects. [10] [11] [12] Therefore, there is a need to develop new safe drugs to improve atopic dermatitis. In recent years, safe natural materials as atopic dermatitis medication have been reported at home and abroad and their anti-inflammatory effects have been confirmed by immunological analysis using atopic dermatitis mice model. 13, 14 Natural-derived substances that can relieve atopic dermatitis usually have less side effects.
The maqui berry (Aristotelia chilensis), a purple food, is generally being ingested in the form of liquidized juice or dry powder, 15 and is rich in purple anthocyanin and polyphenol. Its antioxidant index is about 7 times higher than that of acai Berry and 6.6 times higher than that of aronia. It is an excellent antioxidant. Currently, previous studies have reported that Aristotelia chilensis has anti-glycation, anti-inflammation, lipogenesis-inhibiting activities highly related to its anti-oxidation function, [16] [17] [18] but practical efficacy studies on immunological mechanisms of Aristotelia chilensis for skin related diseases, especially atopic dermatitis, have not been reported yet.
Therefore, the objective of this study was to evaluate the anti-inflammatory effect and immunological regulation mechanism of Aristotelia chilensis water extract (ACWE) for atopic dermatitis using in vitro cell study and in vivo 2,4-dinitrochlorobenzene (DNCB)-induced atopic-like dermatitis mouse model to determine its potential as a medication agent for atopic dermatitis. of water for 3 hours at 80°C, repeatedly extracted three times, and filtered to prepare ACWE. ACWE was then freeze-dried to powder for 72 hours. The major component of the extract Aristotelia chilensis was known as anthocyanin, which contained the highest amount of delphinidin.
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Antioxidant activity measurement
Total polyphenol and flavonoid contents were measured according to Folin-Denis experimental method. 19 Electron-donating ability was measured with method of Blois, 20 and Free radical scavenging activity was measured using ABTS+ cation decolorization assay. 21 Electron-donating ability and radical scavenging activity of each sample were determined using the following equation based on absorbance values of experimental solution and control solution:
where A control was the absorbance of the control (reagents without test compound).
Anti-inflammatory experiment in RAW 264.7 cells 22 RAW 264.7 (Korean Cell Line Bank, KCLB 40071, Seoul, Korea) cells of mouse macrophage cell line, were cultured in DMEM supplemented with 10% FBS and 1% P/S at 37°C supplemented with 5% CO 2 . Cytotoxicities of several dose of ACWE were measured by MTT assay, and cytotoxicities of LPS with/without ACWE were also measured by MTT assay in RAW 264.7 cells. For anti-inflammatory experiment, RAW 264.7 cells were seeded into 96-well cell culture plate at density of 1 × 10 5 cells/well and cultured at 37°C for 24 hours in a 5% CO₂ incubator. Samples were diluted in DMEM supplemented with LPS (0.1 µg/mL) and added to each well (200 μL/well) followed by incubation at 37°C for 24 hours in the 5% CO₂ incubator. After taking out 100 μL of culture supernatant from each well, Griess reagent (100 μL) was added followed by incubation at room temperature for 10 minutes. Absorbance was measured at wavelength of 540 nm using an ELISA plate reader. Nitric oxide (NO) concentration in cell culture supernatant was calculated from a quantitative curve using NaNO 2 standard (y = 0.0161x + 0.0115, R 2 = 0.992).
Oxazolone-induced subacute inflammatory animal model Experimental animals and grouping
Seven-week-old male BALB/c mice (Samtako Co. Ltd., Osan, Korea) were used after one week acclimation in a barrier system room with controlled environmental conditions (temperature 22 ± 3°C, humidity 50 ± 5%, dark and light cycle; 12:12 hours). Food (Purina, Korea) and water were supplied ad libitum during the experiment. All animal experiment procedures were approved by Institutional Animal Care and Use Committee (IACUC) of Keimyung University.
Using a randomized block design (RBD), the following groups (five mice per group) were constructed: NC) non-treatment group, mice did not receive any treatment; CO) control group, subacute dermatitis were induced with oxazolone; VC) vehicle control group, mice were treated by vehicle after inducing subacute dermatitis with oxazolone; PC) positive control group, mice were treated with 0.5% dexamethasone
Materials and methods
Reagents and apparatus
Dulbecco's modified eagle's medium (DMEM), fetal bovine serum (FBS), penicillin/streptomycin (P/S) and RPMI-1640 medium were obtained from Lonza (Walkersville, MD, USA), and Milliplex mouse cytokine/chemokine magnetic bead panel was purchased from Millipore (Billerica, MA, USA). CO 2 incubator (MCO-17AIC, Sanyo, Japan), clean bench (DBB-922, Daeil, Korea), cryogenic centrifuge (VS-550, Vision Science, Korea), optical microscope (DM500, Leica, Germany), microsurgery machine (RM2235, Leica, Germany), and automatic immune stainer (Roche-Ventana, Benchmark, USA) devices were also used in this study.
Preparation of Aristotelia chilensis water extract (ACWE)
Aristotelia chilensis (Chilean freeze-dried power 99.9%) was purchased from Gabdang Herb Co. Ltd. (Korea). For hot water extraction, 100 g of the powder material was mixed with 1 L
Anti-atopic effects of maqui berry
Optical microscope observation after hematoxylin and eosin (H&E) staining
Skin tissue from autopsy was fixed in 10% formalin for 24 hours and embedded in paraffin with standard process. Embedded tissue was cut into sections at thickness of 4 μm and stained with H&E. Changes of skin tissue such as epidermal thickness and inflammatory cell infiltration were observed under an optical microscope.
DNCB induced atopic-like dermatitis model Experimental animal and grouping
Five-week-old male BALB/c mice (Samtako Co. Ltd., Osan, Korea) were used after one week acclimation in the barrier system room with controlled environment, and food and water were supplied ad libitum during the experiment. All experiment procedures were approved by IACUC of Keimyung University.
Using randomized block design (RBD), the following experimental groups (six mice per group) were constructed: N) non-treatment group, mice did not receive any treatment; C) control group, atopic-like dermatitis was induced in mice with DNCB; VC) vehicle control group, mice were treated with acetone:olive oil = 4:1 (AOO) after inducing atopic-like dermatitis with DNCB; PC) positive control group, mice were treated with 0.5% dexamethasone after inducing atopic-like dermatitis with DNCB; T1) test group 1, mice were treated with 1% ACWE after inducing atopic-like dermatitis with DNCB; T2) test group 2, mice were treated with 6% ACWE after inducing atopic-like dermatitis with DNCB.
(Sigma-Aldrich, St. Louis, MO, USA) after inducing subacute dermatitis with oxazolone; E1) experimental 1 group, mice were treated with 1% ACWE after inducing subacute dermatitis with oxazolone; E2) experimental 2 group, mice were treated with 5% ACWE after inducing subacute dermatitis with oxazolone; E3) experimental 3 group, mice were treated with 10% ACWE after inducing subacute dermatitis with oxazolone.
Anti-inflammatory effects of ACWE in subacute skin inflammation model
After hair at the ear area was shaved at weekly intervals, oxazolone solution (2%, 50 μL) dissolved in acetone was applied to the shaved ear area of mouse at day 1 and day 2 to induce subacute skin inflammation. On the sixth day of the experiment, 20 μL of 2% oxazolone solution was applied to same area of mouse to induce subacute dermatitis. At 15 minutes and 6 hours after application of 2% oxazolone solution, test material in acetone (20 μL) at various concentrations was applied to the same area.
At 24 hours after challenge with 20 μL of 2% oxazolone solution on the six day, mice were euthanized by cervical dislocation. Ear thickness and ear weight were measured after biopsy punch (6 mm). Percent of inhibition was calculated using the following formula:
Oxazolone only treated siteNon treated site Atopic-like dermatitis induction and ACWE application DNCB solution (1%, 150 μL) in vehicle (AOO) was applied to the shaved back skin area of mouse twice with 3-day interval to sensitize atopic-like dermatitis. In the next week, 0.2% DNCB solution was applied to the same area twice with 3-day interval to challenge atopic-like dermatitis. After that, 150 μL of dexamethasone and ACWE were applied to the back skin area five times a week for six weeks. To prevent auto recovery of atopic-like dermatitis, 0.2% of DNCB solution was treated once a week during the treatment period. Water intake, feed intake, and weight change were measured once a week at 10 am.
Macroscopic examination of anti-atopic effects
Behavioral characteristics such as scratching frequency at the back skin area using hind legs were observed for 30 minutes right before ACWE application and at the end of the experiment. Trans-epidermal water loss (TEWL) and erythema index was measured by tewameter (CM825, CK electronic GmbH, Germany) and mexameter (MX18, CK electronic GmbH, Germany) right before ACWE application and at the end of the experiment for the back area using non-invasive method.
For the visualization of skin lesion, skin was photographed under anesthesia once a week to check skin lesion at the shaved area by the SCORAD index. 23 Symptoms of atopic-like dermatitis were macroscopically observed. Symptoms were classified as nonspecific (0), mild (1), intermediate (2) , and severe (3) according to SCORAD index evaluation for symptoms such as erythema, edema, exfoliation, abrasion, lichenification and dryness.
Blood sampling and serum IgE measurement
Approximately 100 μL of blood was collected from the retro-orbital plexus and centrifuged. Obtained serum was stored at -80°C for further analysis. Frozen serum was immediately thawed and levels of IgE levels were quantified using enzyme-linked immunospecific assay (ELISA) kit (Sibayagi company, Japan) following the manual. Absorbance was measured at wavelength of 450 nm using an ELISA plate reader.
Spleen cell culture and cytokine measurement
Spleen was extracted from animal after autopsy and washed with RPMI-1640 medium. Washed spleen was lightly crushed with sterilized glass to separate cells. Cell suspension was passed through 70 μm nylon cell strainer and centrifuged at 1,500 rpm for 15 minutes. After removing supernatant, red blood cells were removed using lysis buffer. Remaining cells were washed three times. Experimental procedure for red blood cells removal was performed at 24°C. Other procedures of the experiment were performed at 4°C. Cell culture plate (24-well) was coated with 1.25 μg/500 μL of CD3e per well for 24 hours. RPMI-1640 medium containing 10% FBS, 1 mM sodium pyruvate, 50 mM 2-mercaptoethanol, 1% P/S, 7.5% sodium bicarbonate solution, and MEM non-essential amino acid solution was used for cell culture. Spleen cells at density of 2 × 10 6 cells/well were seeded into 24-well cell culture plate coated with CD3e (1 mL per well) and incubated at 37°C with 5% CO 2 for 48 hours. After confirming that cells grew well, culture supernatant was stored at -80°C. Levels of cytokines secreted by spleen cells of mice were measured using Milliplex mouse cytokine/chemokine magnetic bead panel (Millipore, Billerica, MA, USA). Levels of cytokines IFN-γ and IL-4 were measured on a Luminex 200 instrument. Ratios between IFN-γ versus IL-4 were also calculated when the ratio of N group was converted into 100.
Skin histopathological observation
Skin tissue from autopsy was fixed in 10% formalin for 24 hours and embedded in paraffin with common process. Embedded tissue was cut into 4 μm thick sections and stained with H&E. Changes of skin tissue such as epidermal thickness and inflammatory cell infiltration were observed under an optical microscope. After toluidine blue staining, distribution and degranulation patterns of mast cells in dermis were observed. These histological observations proceeded with reference to the previous report.
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Statistical analysis SPSS 21.0 for windows (SPSS Inc., USA) statistical program was used to perform one-way analysis of variance (ANOVA) to analyze differences among group means. Tukey-Kramer multiple range test was used to determine differences between groups. Statistical significance level of this study was set at p < 0.05. 
Results
Antioxidant activity of ACWE
Total polyphenol and total flavonoid contents of ACWE were 65.53 mg/g and 33.99 mg/g each. Electron-donating ability was 97.5% at 1000 ppm which was similar to that of ascorbic acid. ABTS+ radical scavenging ability was 99.6% at 1000 ppm.
Anti-inflammatory effect of ACWE in RAW 264.7 cells
Cell viability of RAW 264.7 cells was 94.2% after treatment with ACWE at dose of 2000 ppm which was used to determine its NO inhibitory effect. Cell viabilities of RAW 264.7 cells after treated with LPS and ACWE at doses of 62.5, 125, 250, 500, 1000, and 2000 ppm, were 97.9%, 95.0%, 90.4%, 91.5%, 89.1%, 90.0%, respectively. Cells treated with LPS only showed 95.98% viability.
NO production was inhibited by ACWE in a dose-dependent manner, and showed 29.3% inhibition by ACWE at 2000 ppm (Figure 1) .
Oxazolone-induced subacute inflammatory effects in mice
Ear thickness was increased in CO and VC groups, but decreased markedly in ACWE treated groups in a dose dependent manner. It was also decreased in PC group. In PC group, ear thickness inhibition rate was 84.7%. In groups treated with ACWE at 1%, 5%, and 10%, ear thickness inhibition rates were 48.8%, 51.3%, and 69.3%, respectively. Ear weight inhibition rate was 46.4% in PC group. In groups treated with ACWE at 1%, 5%, and 10%, ear weight inhibition rates were 25.5%, 29.8%, and 28.1%, respectively.
The epidermis thickness was increased in CO group and VC group treated with oxazolone only. Infiltration of many inflammatory cells was observed in ear epidermis of CO group and VC group treated with oxazolone only, but greatly decreased in E and PC groups compared to those in CO and VC groups (Figure 2) .
DNCB induced atopic-like dermatitis model Anti-itching effects of ACWE
Clinical abnormality was not observed during experiment except for body weight decrease in T and PC groups. Scratching frequencies in PC and T groups were decreased significantly after 6 weeks of ACWE treatment compared to those in the control group (Table 1 ). 
Measurement of TEWL and erythema
Values of TEWL and erythema were increased in atopic-like dermatitis induced groups (C). After the end of the experiment, values were decreased in all groups except in VC group ( Table  2) .
Visualization of skin lesion
Recovery aspect was observed in PC and T groups in the 2 nd week of ACWE treatment. At the 6 th week, skin lesions in T groups were recovered, similar to those in N group (Figure 3) .
Serum IgE measurement
After inducing atopic-like dermatitis, IgE levels were increased (about 2.5 times) compared to those in N group. However, there was no significant difference in IgE level among all groups. At 6 weeks after ACWE treatment, IgE levels in T groups and PC groups were decreased compared to those in C and VC groups ( Table 2) .
Spleen cell culture and cytokine measurement
IFN-γ levels were significantly increased in T groups and PC group compared to those in C and VC groups. IL-4 levels were significantly decreased in T groups and PC group compared to those in C and VC groups ( Table 3 ). The ratio of IFN-γ versus IL-4 was significantly decreased compared to that in N group. However, this ratio was significantly increased in T and PC groups.
Microscopical observation based on H&E, toluidine blue staining
In H&E staining, Thickness of epidermis and infiltration of inflammatory cells were remarkably decreased in T and PC groups compared to those in N group. Mast cell expressions in toluidine blue staining were also decreased in T and PC groups compared to those in C and VC groups (Figure 4 ). 
Discussion
Atopic dermatitis is also induced by epidermal water loss and reduced water content of skin when cornified skin barrier is damaged. It can result in skin dryness, itching, swelling, and scaly. 25 To verify the anti-inflammatory and immune modulator effect of ACWE which has lot of anti-oxidant components, various in vitro and in vivo experiments were performed in this study. In antioxidant test, total polyphenol and total flavonoid contents of ACWE were high. Its electron donation ability and free radical scavenging activity were increased in a dose dependent manner.
LPS, an endotoxin constituting the cell wall of Gram-negative bacteria, can induce gene expression of inflammatory mediators, such as nitric oxide (NO) which is generated by inducible nitric oxide synthase (iNOS), and cyclooxygenase-2 (COX-2), through activating nuclear factor-κB (NF-κB), a transcription factor in macrophages. 26 It has been reported that a substance that can inhibit or modulate enzyme expression might be useful as an anti-inflammatory agent. ACWE inhibited LPS induced NO production which is induced by iNOS, a mediator of inflammatory reaction, in dose dependent manner. 26 Oxazolone induced ear edema model using BALB/c mouse is usually used to test in vivo anti-inflammatory effect. ACWE reduced ear thickness and ear weight in dose dependently, and this is confirmed microscopically. These anti-inflammatory effects of ACWE is thought to be very meaningful in predicting the effects for atopy, because inflammation is major symptom of atopy. 27 Atopic-like dermatitis model was induced by DNCB as a hapten. 13 Effect of ACWE on DNCB-induced atopic-like dermatitis was evaluated by clarifying changes in clinical sign and immune function. Results of this study revealed that ACWE decreased the scratching frequency, TEWL, skin erythema and serum IgE levels which is important indicator of atopic dermatitis. Increased IL-4 level can promote IgE level which can activate mast cells to participate in skin reaction accompanied by pruritus and erythema in atopic dermatitis. 28 T cell is also an important immunological marker that plays a key role in maintaining immune response by cell mediated response. 29 IFN-γ, one of Th1 cytokines, can suppresses Th2 cell activation and IL-4 release that modulates humoral immune response. IFN-γ will eventually lead to imbalanced humoral immune response. 30 In this study using spleen cells, IFN-γ levels were significantly increased, but IL-4 levels were significantly decreased in ACWE. These results suggest that ACWE treatment can improve the atopic symptoms by increasing Th1 cell response, and decreasing Th2 cell response. Although some reports showed IFN-γ is known for the induction of skin inflammation, 31 it is also known to suppress IgE synthesis, one of the major atopic symptoms, 28 which may more strongly influence the reduction of skin inflammation.
Results of histopathological examination showed that epidermis thickness and inflammatory cell infiltration were markedly decreased, and infiltrations of mast cells were also decreased in ACWE treated groups compared to those in C and VC groups. Histopathologically, atopic dermatitis is caused by infiltration of inflammatory cells and edema in the skin 7 by histamine released after the binding of IgE to mast cells. ACWE treatment showed anti-inflammatory effects by diminishing mast cells.
In conclusion, ACWE showed high antioxidant effect with very low cytotoxicity in vitro, and had high anti-inflammatory effect in oxazolone-induced subacute skin inflammation animal model in vivo. In addition, ACWE was effective in helping the recovery of skin lesions and immunologic response in DNCB-induced atopic-like dermatitis model. Results of this study were thought to provide basic data supporting that ACWE might be useful as an agent for atopic dermatitis. The major component of the Aristotelia chilensis was known as anthocyanin which contained a lot of delphinidin, and it also has other flavonoids, alkaloids, cinnamic acid derivatives, benzoic acid derivatives, and other bioactive molecules. 32 These components are thought to work together on the attenuation of dermatitis. But additional studies are needed to clarify the action mechanisms of the separate components in Aristotelia chilensis on atopic dermatitis, in the future.
